We study the reproducible conductance fluctuations seen between the quantum Hall plateaus in the conductance of two-terminal submicron silicon MOS-FETs. For the dramatic fluctuations at the insulator-to-first-plateau transition we find a conductance distribution that is flat between zero and e 2 /h.
Reproducible fluctuations in the conductance of mesoscopic electronic devices have been a subject of continued interest for more than a decade 1 . At low magnetic fields they are now rather well understood in the case of diffusive conductors 2 , while their manifestation in chaotic ballistic cavities and quantum dots is under intensive study 3, 4 at present. However, relatively little is known about the fluctuations that occur in high magnetic fields. For a two-dimensional system in which the quantum Hall effect dominates, the fluctuations occur whenever the conductivity is not quantized [5] [6] [7] [8] [9] , i.e. in the transition regions, where the physics is tremendously subtle and many aspects are still disputed 10 .
At present, two conflicting microscopic pictures exist of the cause of the fluctuations at high field. In one, transport near the center of the transition is assumed to be diffusive, but with modifications to the diffusion equation to allow for Landau quantization and boundary effects [11] [12] [13] . In this case the fluctuations resemble those at zero magnetic field B, but with correlation scales that vary with B, as has been observed in experiments 14, 15 . This picture ignores localization (and therefore the quantum Hall effect), and it is valid only when the index of the highest occupied Landau level is large. In the other picture, peaks in the conductance or resistance arise from resonant tunneling between edge states through localized bulk states 7 . This picture is only applicable if the disorder potential is smooth on the scale of the magnetic length. It has been applied to fluctuations at the edge of quantum Hall zeros in the four-terminal longitudinal resistance of high mobility GaAs/AlGaAs heterostructure devices 8, 9 . However, the fact that the two pictures contradict each other suggests that neither is complete. Also, we are faced with the problem that in the system we study here, which is the archetypal integer quantum Hall system, the conditions are not satisfied for either of these scenarios. This system is the silicon MOSFET (metal-oxide-silicon field-effect transistor), in which the disorder is very short range while the integer quantum Hall effect is seen only at low Landau-level indexes. Taking into account also the complications of electron-electron interactions (both the above scenarios are fundamentally single-particle), it is impossible at present for us to establish a satisfactory model to explain the fluctuations in our devices.
Random matrix theory (RMT) has recently been applied with success to diffusive transport (in small metallic objects) and ballistic transport in chaotic cavities 16 . We make the suggestion here that under certain conditions it may also be valid for the transport at the quantum Hall transitions, described by the scattering matrix between incoming and outgoing edge channels 1 . This postulate is born largely of our ignorance of the physics, as mentioned above, which determines the properties of the scattering matrix. Nevertheless, we present below experimental evidence in support of it; namely, that the measured distribution of the fluctuations on a quantum Hall transition is flat. The same flat distribution is predicted by RMT for the single-channel case at high B 17, 18 . In contrast, at low B we observe the Gaussian distribution expected when the conductance (and therefore the number of channels) is The characteristics of a 0.6 × 0.6 µm 2 device are shown in Figure 1 Figure 2 (a), which are statistically independent of those produced by sweeping V g (as in Figure 1(a) ). The magnetic field correlation length 20 B c ≈ 30 mT, implying a phasecoherent area h/(eB c ) ≈ 0.14 µm 2 , which is more than a third of the channel area, 0.36 µm 2 .
To obtain the conductance distribution function, similar B-sweeps were taken at a series of closely spaced values of V g between 3.6 and 4.0 V and a smooth monotonic background was subtracted from the G-B-V g dataset. The histogram of the resulting conductance values, offset by the average,Ḡ = 17.5 e 2 /h, of G over the entire dataset, is shown in Figure 2 (b).
SinceḠ ≫ 1, a purely Gaussian distribution is expected 2 for a phase-coherent sample. The solid curve in the figure is the best fit Gaussian. Of course, for a highly phase-incoherent sample, effectively consisting of a large number of uncorrelated phase-coherent units, the central limit theorem will enforce a Gaussian distribution. However, there are fewer than three phase-coherent sub-units in this device, and we believe that the accurate measured The fact that transport through the device is practically phase-coherent at low B makes it plausible that the resistance at high B can be described in terms of the (scattering) S-matrix of the quantum Hall conductor. The main idea in this paper is that this flat conductance distribution is just what is expected if RMT is applicable to this S-matrix. The appropriate RMT results have already been obtained in the analysis of chaotic ballistic cavities 17, 18 . For a sample connected between two leads each with N channels, the S-matrix is
where r and t are the N × N reflection and transmission matrices for electrons incident from the left, and r ′ and t ′ are for those from right. Current conservation forces S to be unitary, and since the strong magnetic field breaks time reversal symmetry the unitary ensemble, with symmetry index β = 2, is appropriate. The conductance is then given by the Landauer formula,
For a single quantum Hall transition, and especially the first (between G = 0 and e 2 /h), it seems plausible to take N = 1. The 2 × 2 S-matrix then consists of the reflection and 5 transmission coefficients for the lowest (spin-down, valley-one) edge state incident on the 2D region from the contacts. If S is characterized by Dyson's circular ensemble then the conductance distribution function is given by 17, 18 
For β = 2 Eq. (3) gives a flat distribution between 0 and e 2 /h, withḠ = 0.5 e 2 /h. The data in Fig. 2 (c) are particularly appropriate for comparison with this theory because of the wide range of V g -that in which the data was histogramed -for which the average of G (the thick solid line) is indeed close to 0.5 e 2 /h.
The possible applicability of RMT to this problem provokes some interesting questions.
Near filling factor one half, it is thought that charge is transported by effective carriers (electrons with two flux quanta attached) which hardly notice the magnetic field 21 . If this is the case, the validity of RMT requires that bulk scattering, which for electrons in a weak magnetic field leads to diffusive transport, is somehow suppressed for these effective carriers.
Also, the justification for taking N = 1 is that the relevant S-matrix is the one for normal electrons, which are injected in a single edge state. It is not clear that the S-matrix for effective carriers should have the same dimensionality.
It should be appreciated that the form of the fluctuations on quantum Hall transitions is variable. For instance, the uniformity of the transition in Figure 2 does not persist at 0.5 e 2 /h, and often it varies nonmonotonically with V g (see for instance trace (iv)). The period can vary between transitions in the same device (compare traces (i) and (ii)) and between devices (trace (iii) is from a device nominally identical to the one in Figures 1 and 2) . Sometimes the amplitude and period even vary across a single transition (see in particular trace (i)). It is obvious that in such a situation the S-matrix is not completely random, and any attempt to analyse the behavior should probably take into account "direct processes" 3 .
As well as these unpredictable variations, some systematic dependences are seen. First, as 6 the device area is increased, the period of the fluctuations in V g tends to decrease. Second, in devices where the length/width ratio is much smaller or much larger than unity, the valleysplit plateaus are destroyed by fluctuations with (respectively) an enhanced or reduced mean conductance, while the other plateaus remain flat. Third, the fluctuations evolve in a surprisingly simple way with magnetic field. These results will be reported in detail elsewhere.
In summary, we have presented an experimental measurement of the conductance dis- 
